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TE THER4AL DECOMPOITION OF NITROGUANIDINE

INTRODUCTION

Nitroguanidine is a primary constituent of many so-called cool propellants.
A study has been made of the thermal decomposition of nitroguanidine, in order
to better understand the mechanism of the ignition of this type of propellant.

The thermal decomposition of nitroguanidine has previously been studied
by Davis and Abram (a). They devoted most of their efforts to an analysis of
the solid residue and sublimate of the decomposition. This report deals pri-
marily with the gaseous products of the decomposition and with the reaction
kinetics of the system.

maM1 MAL

1. Thermal Decomposition

Experiments on the thermal decomposition of nitroguanidine were carried
out in the apparatus illustrated in Figure 1. A sample of nltroguanidine,
which had previously been dried for two hours in a vacuum dessicator, was
placed in tube A, a pyrex glass tube of approximately 8 mm. outside diameter.
This tube was heated under vacuum for one-half hour previous to Its use. The
system from stopcock 2 to tube A was then evacuated for thirty minutes with a
Hyvac pimp, and a Dewar flask containing liquid nitrogen was placed around trap
C. After stopcock 2 was closed, the system from stopcock 2 to tube A was under
vacuum. An electric furnace at the desired temperature was then moved so that
tube A fitted snugly vithin a heavy copper sheath within the furnace. See
Figure 2. Tim was measured frm the moment the furnace surrounded the sample
tube.

The gaseous products of decomposition are condensable at liquid nitrogen
temperatures. The gaseous products were collected for a desired length of time
in trap C, Figure 1, during which time a vacuum was drawn up to stopcock 1
througb Open stopcocks 3 and 4. A Devar flask containing liquid nitrogen was
next placed around trap B. Stopcock 3 was then closed, the time recorded, and
stopcock 1 turned so that the gaseous products from A began to collect in trap
B. Stopcock 5 was closed, and trap C, still surrounded by liquid nitrogen and
containing condensed gaseous promaets, was removed from the system for analysis.
A now trap was put in its place, and the process repeated. Thus about five
gaseous samples, if desired, could be drawn from the thermal decomposition of
one nitroguanidine sample.

Automatic temperature control was obtained by a Wheelco potentlotrol
through a chrmel - alumel tbermocouple described in Figure 2. Continuous tem-
perature readings were facilitated by a Brown temperature recorder calibrated
for a chramel - alumel thermocouple.

1
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2. Quantitative AnLy!sls of Gaseous Products

a. Absorption Train for Oaseous Products

Trap C contain'n the condensed gaseous products was placed in an absorp-
tion train "s described in Figure 3. Absorption tube A comaaind abhydroe,
crystalI I manestu perchlorate, to remove ania and vater quantitatively.
Absorption tube B absorbed carbon dioxide and vas filled two-thirds with as-
carite, a sodium hydroxide-asbestos adsorbent mixture, and one-third vith
anhydrone. Trap D, vhich vas surrounded by liquid nitrogen, condensed nitrous
oxide. Absorption tubes E and F, containing anhydrone and ascarite respeotivoly,
were placed in front of the sample trap in the train in the usual fashion. Tfap
G surrounded by liquid nitrogu vas employed as a safety for trap D to prevent
oxygen in the air frd diffusing to the latter trap. Helium rather than air
vas used as a flushing agent because oxygen Is condensed at l1quld nitrogen toa-
peratwes.

Before the sample trap vas placed in the absorption train, the train van
flushed vith helium for one hour. Drawls air through the train by suction
for 20 minutes, vas followed by weighing the anydroue and ascarite tubes, A
and B, against respective tared tubes. The system was flushed with helim once
again before the gaseous product trap C, still imersed in a Devar flask con-
taining liquid nitrogen, van placed in the train.

With the sample trap in the train and the Devar flask removed, the systm
vas svept with helium by pressure for 60 - 90 minutes depend' on the sise
of the sample. At the end of this time, trap D, containing condensed nitrous
oxide, was closed and removed from the systea. An aspirator vas attached to
the train, and air was dravn through the system for 20 minutes in order to
replace the hellun. The tubes containing anhydrone and ascarite vere then
veigbhed against tares.

It vas noticed that as the condensed gaseos products trap C warned up
after removing the cold trap, a white precipitate formed on the inside of the
trap as room teaperature vas reached. The precipitate disappeared vith time,
and when the helitua flushing vas cawpleted, no precipitate could be seen.
This precipitate was believed to have been brought about by the combination
of amonia, carbon dioxide, and water.

b. Quantitative Analnsis of Ammoia and Water

The combined veight of amonia and water was obtained from the differene
in the weight of the anhydrone tube. After wei hng, the anhydzv (15 gras)
was quantitatively transferred to an Erlenmeer flask containing exactly 10 al.
of .1 N hydrchloric acid and 50 al. of distilled water. To determie the
amount of ammonia present, this solution vas then back-titrated w1th .02 1
sodium hydroxide solution using two drops of methyl red as an Indicator. te
anhydrone used was slightly basic, but Its degree of bs"icity did not Vy
frc sample to sample drawn frm the same bottle. As an added precaution, a
blank anhydrone sample was always taken along with a decomposition sample.
Runs made with knwn amounts of anmia proved the validity of this method of
analysis. The am unt of water in the anbydroe tube was obtained fr the
difference between the known combined weight of water and a onia, and t1m
calculated weight of anonia.

2
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c. Quantitative Analysis of Carbon Dioxide

Carbon dioxide was calculated directly from the weight of the ascarite
tube.

d. Quantitative Analysis of Nitrous Oxide

Cold trap D, Figure 3, containing gaseous helium and condensed nitrous
oxide, was attached to a glass gaseous expansion apparatus. The system in-
cluded an infrared cell, 10 cam. in length, which had rock salt vindows. Tb
cold trap, still surrounded by a Dewar flask containing liculd nitrogen, was
pumped down to 10 m. pressure of helium, and the Dewar flask was removed.
Giseous nitrous oxide was then allowed to expand into the evacuated infrared
cell. After removing the cell from the system, air was let into the infrared
cell till atnospheric pressure vas reached.

Ubder atmospheric pressure, the infrared absorption of nitrous oxide Is
fairly insensitive to the presence of other gases. At a total pressure of
the order of 30 mm., the infrared absorption of nitrous oxide is extremely
sensitive to foreign gases (b). A calibration curve of log 1o/ vs. pressure
of nitrous oxide at a total pressure of 760 mm. allowed us to calculate the
pressure of an unknown sample of nitrous oxide from its absorption coefficient.
The absorption of nitrous oxide was measured in a Perkin Elmer infrared spec-
trometer model #12C using a rock salt prism. The absorption band used was
the doublet at 7.8 At that remained unresolved at a slit width of .080 mm.

The method of condensing nitrous oxide in the train was tested with
known amounts of nitrous oxide and was shown to be analytical. An infrared
spectrum from 2 - 15, using a double beam Perkin Elmer infrared spectro-
meter model #21, was taken of the gaseous products in the nitrous oxide cold
trap D, Figure 3. No trace of ammonia was found.

In the kinetic studies of the thermal decomposition of nitroguanidine, It
was only necessary to measure the amount of nitrous oxide evolved, since this
was a measure of the amount of nitroguanidine decomposed. The procedure for
the collection of nitrous oxide was the same as described above. Of course
it was unnecessary to weigh the anhydrone and ascarite absorption tubes.

3. Infrared Spectrum of Solids

The infrared spectrums of some solid samples were taken using the double
beam Perkin Elmer model 21 spectrmter. The solid samples were ground in
a mortar, and a "mull" was prepared with nujol. Rcck salt faces were used.
Very often a blank sample using Just the suspending oil was placed in the
reference beam of the double beam spectrometer to comwensate for the absorption
of the nujol.

4. Materials Used

The nitroguanidine used in the experiments was Eastman Kodak White Label
nitroguanLdine. Unless otherwise specified, this material was used in a form
that is described below as "ground nitroguanidine crystals". A list Is given
below of various species of nitromanidine used in this research. The species
will henceforth be referred to by the name in quotations.

3
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"Cround nitroguanidine crystals": nitroguaidine that was gound in a
Fisher Motor-Driven Mortar Grinder for two hours arnd had a powdery appearance.

"needle-like nitroauanidine crystals": nitroguanidine that had been re-
crystallized from aqueous solution three times, and had rmined in contact
with the mother solution for one week. The material had the appearazce of
long hollow needles about 1/2" long.

"Eastman Kodak nitroguani1.ne crystals": nitroguanidine obtained from a
bottl, of Eastman Kodak White Label nitroguanidine.

'tpressed nitroguavidine crystals": nitroguanidine that was pressed to a
pellet under vacum at a pressure of 48 o00 lbo. n2 Thiis pellet ws quite
hard and had a density of 1.68 grfam/(Qi.

"ground nitrogusnidine crystals with catalyst": nitoumdn that Wa
been ground together with 1.92% C02 03 and .OB% Pd by weight. This material
was gray in color, but in texture similar to "gron nita'oguanidias crytals".

"p'o crystals from needle -like nitroguanidine crystals" k noedle -like
nitroguanidine crystals that had been pround for two hours in a Fisher Motor-
Driven Mortar Grinder.

FWTffA OF 'MMWL DECWW~0ITION 0F NIMM(KA3MDIh

1. Solid Products Of Thermal 1acoeItion

The thermal decomipoition of nita'ogumaidine resulted. in fou separate
products:

1. A solid residue brownish gray in color depending on the tompatore
boated.

2. A white sublimate that fcind at the mouth of the furnace at the
Junction of the bat and cold portion of the sample tube.

3. A small white sublimate in the liquid nitrogen trap.

ii. GaeOus profucts.

The residue was examined in the infrared, but little Information was
obtained because of the amorphous nature of the product.

An etzantion of the spectrum of the sublimate, product no, 2, Figure 4i,
indicated the presence of nitroguanidine, dicyandiade, and mjaim. the
latter two coponds are 1b dine aid trimer of eyanswide respectively. The
Infrared spectrum of pure somles of nitrogumuidime, dicyadisids, and in3l.ne
are given In Figures h, 5, and 6. Figure ho~ the spectrum of the sublimate with
that of pure melsomm sqpzimposed, showed that molamins accouted for' a& of
th Infrared absorption of the sublimate with the exception of absoe'ptims at
J.25, , 7.8 .O and smLl absorptions at 10.8A and 12.85.. The double
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absorption at 4.25,,q was assigned to dicyandisaide and is in a region very
characteristic of a C _N absorption (c). The absorption at 7.8. was
attributed to nitroguanidlnw, which haa its strongest absorption in this
region, due probably to the nitro group (c). Nitroguanidine has a strong
absorption also at 12.8 . Dicyandiamide has an absorption at about 8 ,, and
another at 10.75,,,f from Figure 5. Thus all the differences in the spectrums
of the sublimate and melanine, Figure 4, were attributed to nitroguanidine
and dicyandiamide. It should be noted that the weak absorptions of the latter
copounds in the sublimate seem to have shifted the peak heights to slightly
longer wavelengths.

Davis and Abrams (a) have previously reported the sublimate as consisting,
for the most part, of nitroguanidine and melamine.

2. Gaseous Products of Thermal Decomposition

a. Nature of Gaseous Products

Thermal decompositions of nitroguanidine were run from 160°C to 5000 C,
and in all cases, the gaseous products, as identified by infrared spectra,
consisted of the following four gases: nitrous oxide, anoonia, water vapor,
and carbon dioxide. No gases were evolved that could not be condensed in a
liquid nitrogen cold trap. Tables I, II, and iM give the analytical results
of the thermal decomposition of nitroguanidine at 2000 C, 240°C and 300°C.

b. Evolution of Nitrous Oxide

It seems quite clear from the thermal decomposition at 2400 C, the so-
called "melting point" of nitroguanidine, Table I, that for every mole of
nitroguanidine that decomposes, one mole of nitrous oxide is evolved. We can
assume that the difference between the percentage of nitroguanidine that deco.-
poses at 2400 C, as indicated by nitrous oxide, 9%, and complete decomposition,
100%, is due to sublimation of the nitroguanidine. Davis and Abrams (a) using
a slightly different experimntal set-up, found that 8.1% of the original
starting material, nitroguanidine, was found in the sublimate and residue at
233 - 237°C. This latter value seems to be in good agreement with our results.

At a temperature of 3000 C, Table III, only 73.4% of the nitroguanidine
decomposes, according to the nitrous oxide evolved. This can be attributed to
increased sublimation caused by the higher temperature and faster rate of beating
of the nitroguanidine. It thus was deemed possible to calculate the degree of
decomposition of nitroguanidine from the amount of nitrous oxide evolved.

c. Oxygen-Dearing Decomposition Products

The percentage of oxygen recovered in the gaseous products, based on
the amount of oxygen available from nitroguanidins that actually decomposes
(not including sublimed nitrogiaidine), is of the orderof 91oxgen (0)
for the three temperatures measured. Davis and Abras (a), analyzing the
residue, found 10.*% oxygen in the form of ameline and suelide present. Their
value is in good agreement with our value of approximtely 9% oxygen by differ-
ence. The scheme of decomposition proposed by Davis and Abram (a), is given

5
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Table 13f1

Decomposition of Nitroguanidine at 300 - 3020 C
Heated for 26 Minutes

Moles x 104 Ratio N20/T3

N20 9.41 2.83

NR3 3432

%o 6.41z

C02  9.6

Nitroguanidine
Starting Material 12.82

$ Nitroguanidine
Deccposed Based
on 2  73.4

Wt. $ of Gaseous
Products to Total
Decmposed Material 64.i

Oxygen Balance

120 15.05

V~ 10.25

C02  3.06

Total 28.36

Available Oxygen
Fr= Deecuposed
Nitroguanidine 31.1

S0 scowred 9.1

8

RESTUCTEDSECIeITY INFONIATIOII



NAVOND Dleport 2705

in Figure 7. Davis and Abramn (a) did not find any cacysn-bearing comounds
in the sublimate other than subliid nitroguanidine. It can therefore be
stated that the oxygen-bearing products from the decopoition of nitroguian-
idlne are nitrous oxide, carbon dioxide, water, ailine, and inmlide. lS
amounts of cyanic acid, cyanuric acid, and urea formd must be negligible.

d. Evolution of Ainnia and Water

Tables I, Il, and Mf indicate that the amt of ammnia and water formd
in the decoutposition equals the sawct of nitlu oxide evolved. This fact
is in good agreement with th scheme of Davis and Abrm (a), Figure 7.
Acoording to the schom of Davis and Abram (a), aniae Is evolved in the
following three ways: directly from the portion of the reaction that pre-
ceeds by step n, from the by'drolysisof cyafic acid to carbon diode , from
the deanonolyuis of melauine to =mm, mem, and mllon. fte total ininias
and carbon dioxide evolved Is known. The mmonis, evolved in the formation of
melan, males, and mellon can be calculated from the data of Davis and Abrams.
Theresfore, the aunuma evolved as a direct result of uhirowamnidine decomosing
by step II can be calculated. Frmthe latter value, the percentage of the
thermal decomposition proceeding by step 11, according to Davis and Abrams)
Is calculated as approximately 23% + 2%.

An alternate method for determining the percentage of the reaction pro-
ceeding by step 11 in to measure the total amount of products that are present
as a result of the formation of cyanic acid. These produacts are carbon dioxide,

amline, and amlide. Using the values of Davis and Abram (a) for aimline
and ielids, and the measured value of carbon dioxde, the percentage of
reaction proceeding by step 11 is 28%. The latter value Is not nearly as
reliable as the former one, because It neglects any hydrolysis of cyanafide
to cyanic acid in the formation of ammeline and ammalide.

e. The Ratio of Nitrous Oxide to Amonia

The ratio of nitrous oxide to ammonia is quite important in the ignition
of nitroguanidine as a propellant and seem to decrease with increasing temper-
ature. Th. ratio is about 3:1 at 2000C and 2.8:1 at 3000C.

Figure 9 shows the spectrum of the gaseous product. of a samle of nitro-
guanidine decomposed at 1700C. Figure 10 is the spectrum of the gaeous pro-
duct. from the solid residue of a 2 0 C decomposition that was reheated to
5000C. These spectra clearly show that at higher temperatures the ratio of
nitrous oxide to antonia evolved Is lower. This Is, to sme extent, due to
the demxlysis of mlan and mle to mllon. Tbs reheated residue was
colored a bright yellow, which is very characteristic of mellon.

DISCUSSION OF MIITS

1. Ibohan' - of Thermal Decomposition

We have shown that, according to the schm of Davis and Abram (a) for
the decomposition of nitrogaundinse, appromlimately 77% of th nitrogaundife
at 21.00C decomposes by step 1.* An alternative posal that explains the
oberved facts Is that all of the nitrogmanidine decomoses by step 1. Th

9
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evolution of amaonia then is a result of the h dolysis of cyanamide end Its
polymers. Wei schem is portrayed in Figure 8. fte schems can be tested
by calculating from the a~mt of hmline, amolids, and carbon diaxide
present, how sachb ammonia would be evolved due to their formation by hydro-
1.yils. The percentage of ammonia evolved of the total decomosed nitrogua-
idime is thus calculated as 38% ± 2%. The actual peroentags of ammaia evolved
vas 33.5%.

The latter alternative sobs=, and Davis and Abrams sceme (a), are In
harmony with all the experimental facts as discussed in paragraphs 2 a, b,
c and d. Frmthe data gives, It is not possible to distinguish between the
two schems as to which Is the canrect ow. Naever, we have shown that our
experimntal data is in good ep'qement, with both of thin, and that at least
77% of tenitrogumnidine decopoes to nitramid and cyanod.

2. Application to Pu'nn ofNirogundn Pr plAnt

The thermal decompoition of nitroguianidi~ne proceeds in the following
3mw:

Solid-- Gaseous + Solid Products

When nitrogusnidime burm "s a prpllant, the stepvie process probably con-
sists of an endothermInc thermal decmosition to gaseous products, wbich In
turn combine In an ezothezzic reaction. From the natue of the a that are
evolved, the exotbaezic reaction is that of the reaction between smmnia and
nitrous oxi~de. At the surfae of a burning aitaognanidiin peefante nitro"s
oxide and amania are evalved in the ratio from our thermal decopoition
studies, of 3:1. The solid products, which are probably dispersed In a h4~e
temperaur saw between the surface and the flame zone, decompose or ane hjdro-
lyzed, to enrich the nit oxide - ammonia mixture to a limiting value of
about 1:1. The fact that the nitrous oxide amna ratio is bi~i war' the
surface, bigbr In fact than the stoichimtrical equation allows, may be of
significance I& exptlaining the irregular burning of nitrogusalno, its dif -
ficulty of ignition, and the higb pressure exponent in the burning rate of
nitroguanidim.

RESTS1 OF XnMTicB OF' MEN AL caoxo

The 1setle Rate Equation

TMe rate at which nitrguanidine decamoses has bees studied over a tem-
perature rang. of 1810C to 2000 C. Soe extent of decempositiam has been deter-
mined from the sat of vitros amid. evolved, which has been sham. to be a
measure of decomposed nitouniie the kinetic rum were carried out uner
a pressure of less than 1lm. throu~iout the experimnt -- the gaseous products
being continually withdruen. Thi procedure minlaized the possibility of In-
teraction between gaseous products and the undeomosed altr- -- iin

The rate law which seem to fit the data over a good port;ion of the
decomposition Is the following:
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d/dt - -k No 1.- c 1N N\

N = the amount of undecomposed nitroguanidine

No -the initial amount of nitroguanidine present

k - a zero order rate constant

c - a constant that depends on the relative efficiency
of the inhibiting factors of the reaction

t - time

Equation (1) may be derived in the following way. It is assumed that
only those molecules that are at a surface or are exposed by a newly created
surface can decompose. The rate of decomposition will be proportional to
the number of B active sites on the surface. These active sites are assumed
to be situated at lattice imperfections in the crystal and are mostly on the
surface. They will be pro, -ed in the neighborhood of decomposing molecules
on the surface of the crystal, due to strains set up during the decomposition,
and also due to the exposure of new crystal surface. B will depend on the
total surface area of the crystals which is designated S at any time t.

dl/dt - -kllS (2)

Experimentally it is found that the reaction is inhibited as the decom-
position proceeds and does not follow equation 2; consequently another factor
must be introduced which allows for the decrease in the number of B active
sites with increasing decomposition. The equation below expresses this fact:

dN/dt - -k'B - -kL' -S C 
N o . 

- N (3)

The actual physical process of inhibition may be due to the fact that
solid decomposition products remain on the surface of the decomposing material
and prevent the creation of new surface. The strength of the inhibition is
indicated by the value of c.

If B depends on the total surface area, then it would be expected that the
rate would depend g N to some power. For instance in the case of a cubic
crystal: S - klN/n. Nitroguanidine, however, crystallizes from water as long,
thin, hollow needles. See Figure ii. In this case, the geometry is such that
the sufa-ce area would not decrease appreciably in time or with increasing de-
composition. This is especially true if reaction takes place on both inner and
outer surfaces of the hollow needles. Therefore, S for nitroguanidine is pro-
portional to No for the whole decomposition, and consequently equation (3)
becomes

dII/dt i-kA N0  - C 1No N (a.)
0 I
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2. Kinetic Characteristics of Decmposition

The thermal decomposition of nitroguanidine after approximately fifteen
to twenty percent decomposition seem to follow the zero order rate law of
equation (1). A curve of percentage decomposition versus time, plotted in
accordance vith a first order rate law, indicated the decomposition does not
obey first order kinetics over any part of the reaction.

Studies on initial rates were not thoroughly investigated because of a
time lag due to the heating up of the solid sample from room teUperature.
One run was attempted with "ground nitrogusnidine crystals" in which points
were obtained for low values of tim and percentage decomposition. The re-
sults are plotted in Figure 12. The plot clearly shows that the initial de-
composition rate seems to be zero order. Moreover, no initial acceleratory
region seems to be in evidence as described by Prout and Tcmpkins (e,f) in
the thermal decomposition of permanganate salts.

The percentage decomposition of nitroguanidine for various times does
not vary according to the initial size of the sample as determined by experi-
ment. This fact is generally true of first order reactions, but can be true
for a zero order reaction that occurs on a surface, the size of which depends
on the initial concentration of the reactant.

3. Evaluation of Rate Constants

The value of k and c were obtained by first plotting an (N O - N)/No vs
t curve. Values of -l/NodN/dt obtained from this curve were plotted against
(N o - N)/N o . If equation (1) holds, the latter curve should be a straight line
whose slope is -kc and whose intercept is 1/c. The values of k and c for
various species of nitroguanidine are given in Table IV. Figures 13 - 20 are
plots of (No - N)/No ve t curves and -l/NodN/dt vs. (No - N)IN curves for s
of the samples listed in Table IV.

A plot of -log k vs l/T is given on Figure 21 and the following rate ex-
pression is calculated:

k - 8.75 x 1022 e57, 1 0 0/RT sec. "1

R - 1.99 cal./sole OK

T - OK

4. Rate of Deccuoition for Various Species of Nitroguanidine

Table IV indicates that the "ground nitroguanidine crystals", "gromd
nitroguanidine crystals with catalyst", and "pressed nitroguanidine crystals"
have about the same value of k at 189 0C. However, the values of c differ quite
markedly. Pressing the "ground nitroguanidIne crystals" into a pellet form
apparently did not affect the mnber of active sites, but did increase the in-
hibition. The "ground nitroguanidife crystals with catalyst" sample appeared
to be very strongly inhibited. The "needle-like nitroguanidine crystals" sal
gave a much higher k value than the "ground nitroguanidine crystals" sample.

12
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Table IV

Kinetic Data for the Decomposition of Nitroguaidine

Tymperaturte 1800 C

Species kmn- c

'round nltroguauidine crystals" .00199 3.28

Teperatwe 1890 C

specie, k(min.- 1 ) c

"groun nitrow-anidiz crystals" .0047 1.83

"ground nitroguanidiem crystals with catalyst" .0048 2.73

"pressed nitrogumsddine crystas" .0045 2.31

"gomd crystals from nele-lie nitroguanidie" .00528 2.32

"Eastan Kodak nitroguaniine crystals" .00602 1.68

"needle-like nitroguanidine crystals" .011 1.63

Temperature 192.40C

Species k(min..-l) c

"ground nitrogunidins crystals" .0133 1.6

2upratur. 2000C

Species k zmin. -1) c

"pguna ]Attroulanidine crystals" .0e66 1.40

"toamd nItroguanide crystals" .0223 1.27

"ground nitroguanidine crystals" .0288 1.30

13

S3CMTY IIW'OMATION



IMSTRICTED
NAOfl Report 2705

TW might be due to the fact that these large crystals had more active spots
than the smaller more perfect crystals. It Is also likely that occluded
mother liquor in the long "needle-like crystals" caused the larp increase in
the value of k. This is suggested by the fact that grinding the "lnedle-Ui.
crystal", which might have allowed the trapped vater to escape, reduced the
value of k to a slightly higher value than the "ground nitroguanidi1e crystals"
value of k. The fact that the "Eastman Kodak crystals" showed the worst devia-
tion from equation (1) indicates that they probably consisted of a mixture of
different species of nitroguanidine.

The constant c decreases with increasing temperature, perhaps because
of increased decomposition or sublimation of solid products that cause inhibi-
tion In the rate. The exact nature of the inhibiting factors have not been
experimntally determined. One, or a number of the solid products, could have
caused inhibition. The possibility of on of the gaseous products causing in-
hibit1n by being absorbed on the surface cannot be discoted, even thoug the
decomposition took place under low pressure throughout.

Several photmicrographe of "ground nitroguan4dim crystals" for various
percentage decompositions are given in Figures 22 and 23*. Tese photograpb.
indicate the larger crystals decompose faster than the smaller ones. Xoreoyr,
by 15$ decosition, it appears that the outer surface of the ni1rogandi
crystal Is almost completely covered with decopoing material* This is In
accord vith our observation that equation (1) hold# for deo sitions above

StNIARY

The gueous products of the thermal decosition of ni m dne from
1600C to 5000C are nitrous oxide, ammmia, water vapor, and carbon dioxide.
At 240C, 90% of the oaen present in nitrogmanl4lne appears In the gaseous
products. The ratio of nitrous oxide to ans ia evolved at 21 C Is 3:1. T-
primary exothermic reaction in the burning of n1tlo_-i Is the reaction
beteen nitrous oxide and mania. The mechanism of the theaial decomposition
involves the initial formation of n1tri de and cyanide to the extent of at
least 77%%. T suggestion has been proposed that the evolution of ammia Is
due to the hydrolysis of cysnamide and its polymers.

Nitroguaidine decompes, after approximately 19% decosition, accordifg
to the rate law given below:

dN/dt.- -k No0 , [l c(~2

where

k a 8.75 x 102 0 1,l00 /I1" see. "-

The thermal decomposition appears to be Inhibited by solid or gaseous
products,
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FIG. I I "NEEDLE-LIKE NITROGUANIDINE

CRYSTALS" IN AQUEOUS SOLUTION VIEWED

FROM THE BOTTOM OF AN ERLENMEYER FLASK

25
24

UPPER CURVE; PART OF A RUN THAT EXTENOED TO

22 HIGHER PERCENTAGE DECOMPOSITION

LOWER CURVE: A RUN FOR LOW PERCENTAGE DECOMPOSITION
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FIG. 12 THERMAL DECOMPOSITION "GROUND NITROGUANIDINE

CRYSTALS" AT 18900 FOR LOW TIMES AND PERCENTAGE

DECOMPOSITION
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FIG. 13 THERMAL DECOMPOSITION OF "GROUND

NITROGUANIDINE CRYSTALS"1 AT 1890 C
45

40-

35

30

NO 25

0~20

406 0 0 201016 S

10-

5

0

36

00

2

20-N

N 0 0

SECURITY



RESTRICTED
NAVORD REPORT 2705

FIG. 14 THERMAL DECOMPOSITION OF "GROUND
NITROGUANIDINE CRYSTALS WITH CATYLYST" AT 18900C
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iG 15 THERMAL DECOMPOSITION OF "RSE
NITROGUANIDINE CRYSTALS' AT 189 0 C

T T--- -T T

10

83 801 9 1 2 2 27 2 76 33 3 324 32 396

F IRITY No



RESTRICTED
NAVORD REPORT 2705

FIG 16 THERMAL DECOMPOSITION OF "GROUND CRYSTALS

FROM NEEDLE-LIKE NITROGUANIDINE"AT 189°c
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FIG. 17 THERMAL DECOMPOSITION OF "EASTMAN

KODAK NITROGUANIDINE CRYSTALS" AT 1890C
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FIG. 18 THE THERMAL DECOMPOSITION OF "1NEEDLE-LIKE
NITROGUANIDINE CRYSTALS" AT 1890
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FIG. 19 THERMAL DECOMPOSITION OF 11GROUND

NITROGUANIDINE CRYSTALS'AT -195.4! C
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FIG. 20 THERMAL DECOMPOSITION OF "GROUND

NITROGUANIDINE CRYSTALS" AT 20080C
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a 5$ DECOMPOSI TION'

b5 X DECOMPOSITION

FIG. 22 PHOTOMICROGRAPHS OF "GROUND NITROGUANIDINE CRYSTALS M

AT VARIOUS STAGES OF THERMAL DECOMPOSITION
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a. 30% OE'COMPOS, 1OA

h~60% DECOMPOSITION

FIG. 23 PHOTOMICROGRAPHS OF "GROUND NITROGUANIDINECRYSTALS" AT VARIOUS STAGES OF THERMAL DECOMPOSITION.
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